Nanosized lithium manganate powders are successfully synthesized via a newly developed reverse-microemulsion (RpE) process. Monophasic LiMn 2 0 4 powders are obtained after calcining the precursor powders at 700'C. The particle size of the spinel compound significantly depends on the concentration of the aqueous phase. Increasing the water-to-oil volume ratio results in an increase in the particle size. While the aqueous phase is equal to 0.5 M, the size of the obtained LiMn 2 0 4 powder is around 60-70 nm. It is found that the specific capacity of nanosized LiMn 2 0 4 particles is greater than that of submicron particles. The large surface area of ultrafine particles is considered to facilitate the intercalation and deintercalation of lithium ions during the cycling test.
INTRODUCTION
Lately, lithium-ion secondary batteries have became one of the most promising candidates in the field of rechargeable batteries owing to their high working voltage, high energy density, steady discharging properties, and long cycle life. For perfecting the performance of lithium ion batteries, the electrochemical characteristics of cathode materials have been intensively investigated. A variety of lithiated transition metal oxides including LiCoO', LiNiO', and LiMn 2 0 4 have been explored for utilizing as cathode electrodes in lithium-ion secondary batteries [1] [2] [3] [4] . Among these cathode materials, lithium manganate with a spinel structure is of particular interest for using in the rechargeable cells because of its inexpensive material cost, acceptable environmental characteristics, and better safety compared to LiCoO 2 . However, LiMn 2 O 4 suffers the disadvantages of relatively low discharge capacity and serious capacity fading during the cycling process [6] [7] [8] . For optimizing the electrochemical performance of LiMn 2 0 4 , a great deal of efforts have been devoted to synthesize LiMn 2 0 4 powders with a controlled morphology [9, 10] . A new reverse-microemulsion (RpE) process was thus to control the morphology and particle size of LiMn 2 0 4 powders,developed in this study, and the electrochemical performance of the obtained powders was also evaluated. nm with a narrow size distribution. Meanwhile, the mean particle size of sample B is 136 nm much larger than that of sample A. It was found that the particle size of the RpE powders increased monotonously with a rise in the cationic concentration. In comparison with previous solution methods, the RisE process significantly reduces the particle size of LiMn 2 0 4 even down to a nanosized order. Figure 3 shows the charge-discharge profiles for the 700°C -calcined samples cycled at 0.23 mA/cm•. The cell consisting of sample A delivered the discharge capacity of 116 mAh/g in the first cycle at room temperature. After ten cycles, the discharge capacity retained 104.2 mAh/g. For the electrochemical characteristics of the sample B, the discharge capacity in the first cycle was 92.2 mAh/g, which was smaller than that of sample A. The superior performance of sample A was attributed to the larger surface area of smaller particles, which facilitated lithium ions to participate in the intercalation/deintercalation process. In order to investigate the cycling performance of the RjiE-derived powders at elevated temperatures, the electrochemical characteristics were also examined at 55C. Figure 4 illustrates the charge and discharge profiles of the 700'(C -calcined specimens. For sample A, the first-cycle discharge capacity was 98.8 mAh/g, while that of the I 0th cycle was 81.0 mAh/g.
As for sample B, the discharge capacities of the first and tenth cycles were 88.7 and 84.1 mAh/g, respectively. It was found that the RgE-derived powder obtained at low cationic concentration demonstrated worse capacity fading than that derived from high cationic concentration.
The cycling stability at 55°C and the capacity retention of the RtE-derived powders are shown in Fig. 5 . It was found that the capacity fading of sample B was less severe than that of sample A, indicating that high cationic concentration in the RAE system is effective in suppressing the capacity fading. Figure 5 (b) depicts that the capacity retention of sample A and B after 10 cycles at this temperature were 82% and 95%, respectively. It was found that the specific capacity increased with an increase in the surface area of the obtained LiMnO 4 powders, however the capacity retention was completely opposite. The reason for better capacity retention of sample B at elevated temperature was its larger particle size. The enlargement of surface area facilitated the insertion and extraction of lithium ions, but also 
CONCLUSIONS
Monophasic nanosized LiMnO 4 powders were successfully synthesized after calcining the precursor powders at 700°C for I h. The electrochemical performance of the obtained LiMn 2 0 4 powders was also examined. The particle size decreased and the surface area increased with a drop in the cationic concentration. It was found that LiMn.O 4 particles with larger surface area gave rise to a greater specific capacity but a worse cyclability at elevated temperatures. The first-cycle discharge capacities of the samples prepared from cationic concentrations of 0.5 M and 2.0 M were 98.8 and 88.7 mAh/g at 55°C, and the corresponding capacity retentions after ten cycles were 82% and 95%, respectively. In order to optimize the electrochemical performance of LiMn 2 0 4 , the control of particle size is necessary.
